Currently, the indications to perform reduced-intensity conditioning allogeneic hematopoietic stem cell transplant (RIC-HCT) are based on data derived mainly from large registry and single-centre retrospective studies. Thus, at the present time, there is limited direct evidence supporting the current practice in selecting patients with acute myeloid leukemia (AML) and acute lymphoblastic leukemia (ALL) for RIC versus myeloablative conditioning (MAC) transplants. To determine the relationship between dose intensity of conditioning regimen and survival outcomes after allografting in AML/ALL patients, we performed a meta-analysis of 23 clinical trials reported between 1990 and 2013 involving 15,258 adult patients that compare survival outcomes after RIC-HCT versus MAC-HCT. RIC-HCT resulted in comparable < 2-year and 2-6 year overall survival (OS) rates post-transplantation even though the RIC-HCT recipients were older and had more active disease than MAC-HCT recipients. The 2-6 year progression-free survival (PFS), nonrelapse mortality, acute graftversus-host disease (GvHD) and chronic GvHD rates were reduced after RIC-HCT, but relapse rate was increased. Similar outcomes were observed regardless of disease type and status at transplantation. Odds ratio for all outcomes remained comparable with or without performing separate analyses for the year of HCT and for retrospective versus prospective studies. Among RIC-HCT recipients, survival rates were superior if patients were in CR at transplantation. Significant inter-study heterogeneity for aGvHD data and publication bias for PFS data were observed. This meta-analysis showed no OS benefit of MAC-HCT over RIC-HCT across the entire cohort of patients suggesting that RIC-HCT could be an effective therapeutic option for AML/ALL patients who are ineligible for MAC-HCT and CR status is preferred before RIC-HCT.
Introduction
S everal investigators have reported a dose-response relationship between the pretransplant conditioning regimen and long-term outcome after allogeneic hematopoietic transplant (HCT) in acute leukemia [1, 2] . More intensive conditioning regimen is associated with a reduced risk of relapse after HCT, but does not translate in improvement of survival due to increased treatment-related mortality (TRM) and nonrelapse mortality (NRM) [3] . Reduced intensity conditioning (RIC)-HCT through graft-versus-leukemia (GvL) effect may provide previously unavailable opportunities to cure leukemia without the morbidity and mortality associated with conventional myeloablative conditioning (MAC)-HCT [4] [5] [6] . The balance between the increased anti-leukemia efficacy of allogeneic HCT and the risk of NRM depends on the disease risk category and recipients' physical fitness and source of the transplanted stem cell [7] . The best insight into the impact of intensity of conditioning regimen on survival outcomes from acute myeloid leukemia (AML) and acute lymphoblastic leukemia (ALL) patients derives from the retrospective analysis of large registries [8] [9] [10] [11] [12] . These studies showed that RIC has been associated with lower TRM, but higher relapse rates (RR) leading to similar overall survival (OS) when compared to MAC-HCT.
However, due to either small numbers of patient or heterogeneity of patient population (age, comorbidity, stage of disease) and conditioning regimens, it is not possible to draw a definitive conclusion and formulate treatment recommendation from these studies. In fact, it is quite possible that with the elimination of patient selection bias, RIC-HCT may be superior to MAC-HCT [13] .
Currently, the indications to perform RIC-HCT are based on the literature review and expert consensus that are mainly derived from large registry survey analyses and retrospective studies, including mostly nonrandomized, single-centre, and short-term studies. Thus, at the present time, there is limited direct evidence supporting the current practice in selecting patients with AML and ALL for RIC versus MAC conditioning regimens.
To better address the important question on whether the type and intensity of conditioning regimen used for AML/ ALL affects survival and other key transplant outcomes, we undertook a meta-analysis of all studies that compared RIC-HCT and MAC-HCT. To the best of our knowledge there has been no published meta-analysis that provides comprehensive estimates of transplant outcomes among AML/ALL patients receiving RIC versus MAC allogeneic transplants.
Methods

Search strategy
We searched MEDLINE, EMBASE (from 1950 to present), CENTRAL, and CIBMTR registries using the following terms and boolean operators: ''stem cell transplantation,'' ''preparative regimen OR conditioning,'' AND ''reduced conditioning OR nonmyeloablative conditioning OR reduced toxicity regimen,'' AND ''acute leukemia OR acute myeloid leukemia OR acute lymphoblastic leukemia.'' We limited the publication type to comparative clinical trials. We screened the titles, abstracts, and then the reference list to identify eligible studies.
Study selection
We included all published clinical trials of adult patients with AML and ALL that compared RIC-HCT versus MAC-HCT regimens with survival outcomes, without any restriction on the language used and the year of publication. When multiple articles were reported on the study, the most updated data were analyzed.
Outcomes. Primary outcomes included all survival rates as defined by standard definitions and evaluation of endpoints following stem cell transplantation [14] .
OS was defined as the time from transplantation until death from any cause. Progression-free survival (PFS) was defined as the probability of being alive with no indication of disease progression. Disease-free survival (DFS) was defined as survival without morphological evidence of relapse or progression of disease. Leukemia-free survival (LFS) was calculated from the date of first CR until the date of relapse or death from any cause. PFS, DFS, and LFS data was pooled to estimate the overall treatment effect and presented in the result section as PFS. Secondary outcomes included, NRM, RR, and acute and chronic graft-versus-host disease (GvHD). NRM was defined as any death with no evidence of disease relapse or progression, including death due to treatment (TRM).
Data extraction and synthesis
Three authors (S.F.A.W., N.I., M.R.I) independently extracted the data from the included studies using a prepiloted data collection form. The data collected included the study setting and year, participant characteristics, intervention, comparison and outcomes. Any disagreement among the authors was discussed leading to a consensus. Meta-analysis was performed using the RevMan 5.2. Pooled estimates of treatment effects on outcomes were calculated as odds ratio (OR) and their 95% confidence intervals (CIs), using a fixed effect model. We used Forest plot to graphically display the pooled results.
The I 2 statistic was used to assess statistical heterogeneity, with I 2 > 50% as cut-off to indicate substantial heterogeneity. If we found substantial heterogeneity, we explored possible causes, including patient characteristics, transplant regimen, co-intervention, and outcome measurements.
We constructed funnel plots to screen for publication bias for all clinical outcomes. If significant asymmetry was found in the funnel plot, we would include a note of caution in our results.
Additionally, we presented standard descriptive statistics on patient, disease, and transplant characteristics which were analyzed using the SPSS version 19. A P-value below 0.05 was considered statistically significant.
Results
Trial searches/selection
Initial searches yielded 1,306 articles. No additional trials were identified from recent review articles [13, [15] [16] [17] [18] [19] [20] [21] . After screening, 1,278 articles were excluded on the basis of relevance, design, appropriate outcome data, and duplicate publications ( Fig. 1) . A further 252 articles were excluded because they included all patients with hematologic malignancies and did not perform separate analysis on patients with AML and ALL. Three studies [22] [23] [24] that compared reduced toxicity conditioning (RTC) regimen consisting of myeloablative doses of busulfan in combination with fludarabine and conventional MAC regimen were excluded from the meta-analysis. Two studies [25, 26] were excluded as they limited RIC regimens to patients aged above 50 years and MAC regimens to younger patients. In addition, these studies had discriminated the source of donor cells used for transplantation; MAC group received either BM cells [25] or CD34-positive peripheral blood stem cells (PBSC) [26] whereas RIC group received unselected PBSC [25, 26] . Finally, 23 clinical trials (22 retrospective studies and 1 prospective open-label randomized phase 3 study [7] ) conducted and published between 1990 and 2013 that compared the survival outcomes of RIC-HCT and MAC-HCT were selected. There were 11, 5, 5, 2 studies involving AML + MDS, AML only, ALL only, AML/ALL patients, respectively, and one study involving all 3 diseases. The median follow-up period of the included studies was 36 months (range; 1-166). Selected and excluded clinical trial details are shown in Tables 1 and 2, respectively .
Patient, disease, and transplant characteristics
The meta-analysis included 14,664 adult patients and approximately one third of patients received RIC-HCT. RIC-HCT recipients were significantly older than MAC-HCT recipients (Table 3 ). Compared to MAC-HCT, fewer RIC-HCT recipients were transplanted in CR1 and more patients received PB stem cells from related donors. There were no significant differences in cytogenetic risk and performance status at transplantation between the two transplant groups.
The dose intensity of conditioning regimen was defined according to established criteria [27, 28] . The type of RIC regimens ranged from low-dose total body irradiation (TBI) plus immunosuppressive agents and nonmyeloablative doses of one or two alkylating agents, whereas the MAC regimens consisted of high doses of TBI plus myeloablative doses of alkylating agent. In the RIC group, the most common regimens were 90-160 mg/m 2 IV fludarabine plus either 6-9 mg/kg oral busulfan (or equivalent dose of IV busulfan) (40%), or 2-8 Gy TBI (26%), or 80-140 mg/m 2 IV melphalan (13%), or 5-10 mg/kg IV thiotepa with or without antithymocyte globulin (ATG). The conventional MAC regimens were mainly composed of 120 mg/kg IV cyclophosphamide plus either ‡ 12 Gy TBI (62%) or 16 mg/kg PO busulfan or 12.8 mg/kg IV busulfan (24%) ( Table 1) .
Meta-analysis of clinical outcomes
We reported PFS, OS, NRM, and RR for the entire cohort of patients in two subgroups: (1) £ 2-year, (2) > 2-year (between 2 and 6 years). We performed subgroup analyses for these outcomes according to the diagnosis (AML + MDS or ALL), remission status at the time of transplantation (CR versus non-CR), age of patient, and the timing/year of HCT (patients who had received HCT before year 2000 (1990's-HCT) versus those who had received HCT at/after year 2000 (2000's-HCT)). Table 4 lists the P-values for transplant outcomes reported by the individual trials. Tables 5 and 6 summarizes the OR for the transplant outcomes derived from this meta-analysis. OR values for all transplant outcomes were also derived by performing a separate analysis of the retrospective studies versus the randomized controlled trial (RCT) [7] .
Progression-free survival
Entire cohort of patients. Nineteen out of 23 trials involving 12,510 patients reported PFS for a period of 1-6 years after HCT. Ten trials reported data for £ 2-year PFS, whereas 10 studies reported data for > 2-year PFS (one trial reported both £ 2-year PFS and > 2-year PFS [29] ( Table 4 ). The individual trials showed no differences in PFS between RIC-HCT and MAC-HCT for £ 2-year and > 2-year PFS rates. The pooled estimates from 10 studies showed that the £ 2-year PFS rates were comparable between RIC-HCT and MAC-HCT groups ( Table 5 and Fig. 2a ).
Pooled estimates from 10 trials indicated that the > 2-year PFS was significantly lower in RIC-HCT than MAC-HCT recipients. The PFS rate was higher after MAC-HCT in patients aged below 50 years.
Of note, there was no significant change in OR for PFS and other transplant outcomes even after a separate analysis was performed for retrospective studies versus RCT. There was no substantial heterogeneity among the included studies for all analyses under this group of outcome (I 2 , 0%-40%).
AML plus MDS or ALL. The subgroup analysis of PFS included 7,817 patients with AML + MDS from 11 trials and 2,970 patients with ALL from 5 trials. Among patients with AML + MDS and ALL, MAC-HCT led to higher PFS than RIC-HCT, which was probably due to superior > 2-year PFS. There was no difference in £ 2-year PFS between the two groups.
CR1 or non-CR1. Approximately 61% (3,217) of patients were transplanted in CR1 and one third of these patients received RIC-HCT. The overall estimate showed a higher PFS in CR1 patients who received MAC-HCT than RIC-HCT ( Table 5 ). The sub-analysis showed that MAC-HCT resulted in a superior PFS in AML patients transplanted in CR1, which was attributed to a better > [22] This study compared reduced toxicity conditioning (RTC) regimen consisting of myeloablative doses of busulfan in combination with fludarabine and conventional MAC regimen. Goker, 2013 [23] This study administered myeloablative doses of busulfan (total intravenous busulfan 12.8 mg/kg) in combination with fludarabine (Flu/Bu/ATG) to 60% of the patients in the RIC transplant group. Raida, 2011 [24] This study compared RTC regimen consisting of myeloablative doses of busulfan in combination with fludarabine and conventional MAC regimen. Lioure, 2012 [25] This study limited RIC regimens to patients aged above 50 years and MAC regimens to younger patients. This study also discriminated the source of cells used for transplantation; bone marrow cells to MAC group, and unselected peripheral blood stem cells (PBSC) to RIC group. Martino, 2008 [26] This study limited RIC regimens to patients aged above 50 years and MAC regimens to younger patients. This study also discriminated the source of cells used for transplantation; CD34-positive selected cells to MAC group, and unselected PBSC to RIC group. Martino, 2013 [59] This study presented long-term survival outcomes (Overall survival and progression-free survival at 7-year posttransplantation) whereas the other potentially eligible studies presented survival outcomes below 6 years posttransplantation. Moreover, this study included patients transplanted before 2005 (total patients 878) that has been mostly included in Martino 2006 (total patients 868). Foran, 2013 [60] This study included patients under the age of 13 years old. 2b) . OS rates were comparable after RIC-HCT and MAC-HCT regardless of recipients' age (above or below 50 years). There was no substantial heterogeneity among the included studies for all analyses under this group of outcomes (I 2 , 0%-19%).
AML + MDS or ALL. The sub-analysis of OS included 9,754 patients with AML + MDS from 13 trials and 2,990 patients with ALL from 5 trials. The pooled analysis of 13 trials showed that the OS was comparable in AML + MDS patients receiving either RIC or MAC transplants. Additionally, the £ 2-year and > 2-year OS rates were equivalent between the two transplant groups.
The pooled analysis of five trials showed that the OS was comparable in ALL patients receiving either RIC-HCT or MAC-HCT. Sub-analysis according to duration of OS posttransplant among ALL patients was not done due to inadequate data.
CR1 versus non-CR1. Nine trials reported OS for patients transplanted in CR1 (2,522 patients) and five reported OS for non-CR1 patients (2,233 patients). The pooled analysis of nine trials for patients transplanted in CR1 showed that patients who received RIC-HCT and MAC-HCT had comparable OS. Similarly, AML in CR1 and ALL in CR showed comparable OS between RIC-HCT and MAC-HCT. By contrast, in non-CR1 patients, RIC group had a higher OS. Among the RIC-HCT recipients, OS was significantly higher in AML patients transplanted in CR1 compared to non-CR1 (54.7% vs. 33.8%, P < 0.0002).
There was no significant inter-study heterogeneity for all analyses under this group of outcomes.
Transplant performed in 2000's or in 1990's. The subanalysis of OS involving studies that only included patients who had received HCT in the 2000's (3,261 patients) and studies that included patients who had received HCT in the 1990's (9,722 patients) showed comparable OS patients after RIC-HCT and MAC-HCT (Table 5 ).
NRM and TRM
Twenty-two trials (14,455 patients) reported NRM/TRM. Eight studies reported significantly lower NRM/TRM rates after RIC-HCT compared to MAC-HCT whereas 14 trials showed no significant difference. Pooled estimates of 22 trials showed significantly lower NRM/TRM after RIC-HCT in the overall £ 2-year and > 2-year groups ( Table 6 and Fig. 3a) . Additionally, the significant reduction in NRM after RIC-HCT was observed regardless of the disease type and age of patients. Similarly, the NRM was significantly increased following MAC-HCT among 3,160 patients who had received HCT in 2000's and 11,295 patients who received HCT in 1990's (2000's: 30.9% vs. 22.5%, P < 0.02; 1990's: 25.1% vs. 21.4%, P < 0.00001). However, there was a trend toward significance in inter-study heterogeneity among the ALL cohort (Chi 2 :df = 4, P = 0.06; I 2 = 55%). We explored the clinical characteristics of each included study and found that the heterogeneity could be explained by one study [30] having significantly older patients in the RIC-HCT group compared to MAC-HCT. Excluding this study [30] reduced the inter-study heterogeneity (I 2 = 0%) and the pooled analysis of four studies still showed a significantly lower NRM rate after RIC-HCT.
Graft-versus-host disease
Eighteen trials reported acute GvHD (11,972 patients) and 16 trials reported chronic GvHD (6,568 patients). Nine trials showed significantly lower rates of grade II-IV aGvHD after RIC-HCT, whereas nine trials did not show significant difference in aGvHD between the two transplant groups. The pooled estimates of 18 trials showed that RIC-HCT had a significantly lower overall occurrence of grade II-IV aGvHD compared to MAC-HCT recipients (36% vs. 43%, OR:0.77 (0.70-0.85). The significant reduction in aGvHD after RIC-HCT was observed regardless of the disease type and timing of the transplant. The aGvHD rate was significantly increased following MAC-HCT among 2,745 patients who had received HCT at/after year 2000 and 8,824 patients who received HCT in 1990's. However, there was a statistically significant inter-study heterogeneity (Chi 2 : df = 18, P < 0.005; I 2 = 53%). We explored the clinical characteristics of each included study, and found that the heterogeneity could be explained by one study [31] having significantly older patients in the RIC-HCT group compared to MAC-HCT. Excluding this study [31] reduced the inter-study heterogeneity (I 2 = 23%) and the pooled estimates of 17 studies still showed lower grade II-IV aGvHD after RIC-HCT (Table 6 and Fig. 3b ). Almost all (14 of 16) of the included trials reported comparable rates of cGvHD between RIC-HCT and MAC-HCT. Shimoni et al. [2] showed a significantly higher cGvHD, whereas Parker et al. [32] showed lower cGvHD rates among RIC-HCT recipients. Pooled analysis of all 16 trials showed lower cGvHD rate after RIC-HCT compared to MAC-HCT. The sub-analysis according to timing of HCT involving 2,586 patients (five trials) who had received HCT at/after year 2000 and 3,896 patients (eight trials) who had received HCT in 1990's showed that cGvHD rate was significantly higher following MAC-HCT compared to RIC-HCT among patients who received HCT in 1990's. There was no substantial inter-study heterogeneity for the cGvHD data.
Relapse
Twenty-one trials (14,313 patients) reported RR. Nine trials showed higher RR after RIC-HCT compared to MAC-HCT whereas 12 trials showed no significant difference in RR between the two regimens. Pooled estimates of 21 trials showed that the RR was significantly higher after RIC-HCT than MAC-HCT. RIC-HCT recipients had a significantly lower £ 2-year and > 2-year RR ( Table 6 and Fig. 3c ). The RR of RIC-HCT was higher than MAC-HCT regardless of disease type, age of patients, and timing of HCT (HCT performed in 2000's versus 1990's). Pooled estimates of 6 clinical trials showed a higher RR after RIC-HCT than MAC-HCT even in patients transplanted in CR1. The RR was significantly increased following RIC-HCT among 3,261 patients who had received HCT in 2000's and 10,309 patients who received HCT in 1990's. There was no substantial inter-study heterogeneity for this outcome in all analyses (I 2 ranged from 0% to 43%).
Assessment of publication bias
There was no evidence of obvious asymmetry in all the funnel plots, except for the outcome of > 2-year PFS (Fig.  4 ). Although the shape of this funnel plot does not amount to gross asymmetry, it suggests that smaller studies with outcomes favoring RIC appeared to be lacking.
Discussion
To determine the relationship between dose intensity of conditioning regimen and survival outcomes after allografting in acute leukemias and high-risk MDS patients, we presented the first meta-analysis of all clinical trials conducted from 1990 until 2013 that compare survival rates in patients transplanted with RIC versus MAC regimens. The systematic literature search identified 23 relevant comparative trials, none of which showed OS benefit of MAC over RIC regimens. In fact, two clinical trials (one prospective) [22] and one retrospective [23] that compared survival rates between the conventional MAC and the novel RTC regimens that was excluded from this present meta-analysis showed that MAC regimen was associated with inferior OS and EFS.
The present meta-analysis supported previous observation that RIC resulted in comparable OS rates with MAC regimens among overall cohort of patients for up to 6 years after transplant even though the RIC-HCT recipients was older and had more advanced disease than MAC-HCT recipients. This favorable OS rates could be attributed to the remarkably reduced NRM in the overall cohort of patients receiving RIC-HCT. Of note, there was no significant change in OR values for all transplant outcomes derived after a separate analysis was performed for retrospective studies versus RCT. Similarly, except for cGvHD data, there were no significant difference in OR values for survival, NRM, relapse, and aGvHD rates between the two regimens even after a separate analysis was performed for trials that included patients who received HCT in 1990's versus those who received HCT at/after year 2000.
OS and PFS according to disease type
The present meta-analysis showed that the 1-6 years PFS and OS rates after RIC-HCT in overall cohort of AML patients were 30%-60%, which is consistent with single-arm retrospective landmark studies on RIC in AML patients reporting a 2-3 year LFS ranging from 27% to 60% and OS rates of 30% to 60% [5, 10, [33] [34] [35] [36] . We did not observe significant change in OR values for survival rates and other transplant outcomes even if separate analyses were performed for retrospective studies versus RCT. We showed no OS advantage of MAC-HCT over RIC-HCT in AML patients transplanted in CR1 and non-CR1.
The published experience of RIC-HCT for ALL is not as extensive or mature as it is for myeloid malignancies and there are no prospective randomized trials comparing RIC-HCT and MAC-HCT. All the individual trials, including multicenter registry surveys (EBMT, CIBMTR, JSHCT database) [11, 12, 29, 30, 37] , showed comparable PFS and OS rates in ALL patients after RIC-HCT and MAC-HCT and that RIC regimen was not an independent risk factor for survival outcomes in multivariate analyses [11, 12, 29, 37] . In contrast, the pooled analysis of these studies showed that PFS in ALL patients was significantly lower after RIC-HCT than MAC-HCT (35.5% vs. 41.3%, P < 0.01). This lower PFS was probably offset by the remarkably lower NRM in RIC-HCT resulting in comparable OS with MAC-HCT. Thus, our meta-analysis demonstrated the lack of OS benefit of MAC over RIC regimens in the overall cohort of ALL patients suggesting that RIC-HCT may be a potential therapeutic option in patients with high risk of TRM associated with the MAC regimens.
This meta-analysis showed that the > 2-year PFS rate was higher after MAC-HCT, in particular, in patients aged below 50 years suggesting that in younger patients with acute leukemia/high-risk MDS, MAC-HCT may still be the preferred therapeutic option.
OS and PFS according to disease status at transplantation
The impact of dose intensity of the conditioning regimen on transplant outcomes in acute leukemia patients receiving allografting in CR1 remains ill defined. There are no randomized controlled trial comparing RIC-HCT and MAC-HCT in ALL patients transplanted in CR1, whereas there is only one randomized trial comparing the two regimens for AML-CR1 patients [7] . This prospective randomized trial in AML-CR1 patients showed that the 3-year PFS and OS rates did not differ significantly between the two transplant regimens [7] . Similarly, nonrandomized studies demonstrated that survival rates among RIC and MAC recipients tended to be similar when the study was limited to AML patients transplanted in CR1 [2, 8, 9, 26, 38] . The present meta-analysis extends available data showing that RIC-HCT and MAC-HCT produce equivalent OS in the AML + MDS patients transplanted in CR1. The significantly higher late (up to 6 years) PFS rates in AML + MDS patients transplanted in CR1 observed after MAC-HCT is offset by a significantly lower NRM resulting in comparable OS rates with RIC-HCT.
Similarly, there was no survival benefit of MAC-HCT over RIC-HCT in ALL patients transplanted in CR1. Overall, these findings showed that RIC-HCT is a valid transplant option for AML and ALL patients in CR1.
Of note, among the overall cohort of patients transplanted in non-CR1, RIC-HCT provided a better OS than MAC-HCT. This is probably attributed to a significantly lower NRM and similar PFS rates in RIC-HCT recipients com-pared to MAC-HCT recipients. The similar PFS rates may suggest that the GvL is still operational even in patients with an advance phase of the disease.
On the other hand, in our analysis, among the entire cohort of patients that received the same conditioning regimen, OS and PFS were significantly better if the patients received transplant in CR1 compared to those transplanted in non-CR1, indicating that disease status at the time of transplantation remains an important predictor for survival after HCT in acute leukemia/MDS patients. Our findings are in agreement with earlier studies [2, 39] , showing that RIC regimen is associated with an improved survival in AML patients if performed in CR (in particular CR1) than active disease. Thus, AML patients with active disease at the time of transplantation should not be considered for RIC-HCT unless a morphological remission can be achieved with salvage chemotherapy [40] .
OS and PFS according to the timing of transplantation
We have performed sub-group analyses according to the timing of HCT and obtained the pooled estimates (OR) for survival rates for patients who had received HCT at/after year 2000 (2000s HCT) and before year 2000 (1990s HCT). We decided to take year 2000 as the cut-off point for our subgroup analysis, as major transplant innovation and new technologies that allegedly improve the survival outcomes of HCT was introduced in year 2000 and thereafter. Moreover, published meta-analyses on HCT comparing Cord Blood and Unrelated donor transplant and RIC versus MAC-HCT in various hematological malignancies have included HCT performed in year 2000 and beyond [15, 16] .
The results showed that there was no significant difference in the survival outcomes, and other transplant outcomes, except for cGvHD among patients who had received HCT at/after year 2000 (2000s HCT) and before year 2000 (1990s HCT).
Acute and chronic GvHD
GvHD continues to be one of the major limitations to the success of allogeneic HSCT. The cytokine storm that arises following MAC regimen plays a prominent role in the initiation and maintenance of GvHD [13] . RIC regimen causes less tissue damage, releases lower levels of proinflammatory cytokines, and induces T-cell mixed chimerism, which might translate into a reduced incidence and severity of GvHD [41] [42] [43] .
In support of the above observations, the present metaanalysis showed that RIC-HCT recipients had significantly low-grade II-IV aGvHD and cGvHD even though significantly more of the RIC-HCT patients were older and received PBSC.
Our findings are in keeping with the findings reported by a prospective clinical trial that evaluates the influence of conditioning regimen intensity on the incidence and severity of GvHD [44] . The study that included 137 patients undergoing HLA identical-sibling transplantation (MAC = 74; RIC = 63) who had received a common regimen of GvHD prophylaxis showed that the rate of grade II-IV aGvHD and cGvHD were lower in patients receiving RIC-HCT than MAC-HCT (36% vs. 12%, 14% vs. 40%, respectively), even though RIC recipients were older, had more advanced disease, had more extensive prior therapies, and had higher comorbidities at transplantation [44] .
Overall, these data support the theoretical advantage of using a less toxic and intensive conditioning regimen in reducing the incidence of aGvHD and because aGvHD is a risk factor for developing cGvHD, its occurrence may indirectly be reduced as well.
Nonrelapse mortality/treatment-related mortality
Despite the fact that older patients and lower number of patients in CR had received RIC-HCT, the present metaanalysis showed that compared to MAC-HCT, RIC-HCT was associated with significantly reduced NRM up to 6 years posttransplant period across the entire cohort of patients, highlighting the predominant effect of the conditioning intensity on the development of NRM.
This finding is in agreement with a prior meta-analysis that involved over 5,000 patients with a variety of hematological malignancies showing a significantly lower incidence of TRM (OR: 0.61 (95% CI, 0.53-0.69) after RIC-HCT [15] .
The reduction in infection coupled with the lower incidence of GvHD could possibly contribute to the reduced NRM in our RIC-HCT recipients.
Relapse
Previous data has demonstrated that the risk of relapse is associated with the intensity of the conditioning regimen. With more intensified chemoradiotherapy, relapse is decreased [45] . Therefore, an increase in RR after RIC versus MAC transplants may be expected, as evident in the present meta-analysis showing that RIC-HCT led to nearly 1.3-fold increase in RR across the entire cohort of patients. The RR associated with RIC-HCT regimen was higher regardless of disease type (AML or ALL), disease status (CR1 or non-CR1), age of patients ( < or ‡ 50 years), and timing of HCT (HCT performed in 2000's versus those performed in 1990's).
Based on the concept that GvHD can facilitate a GvL effect, the significant reduction in GvHD rates in particular cGvHD and the use of ATG as GvHD prophylaxis in RIC regimen could explain the increased RR and subsequently reduced PFS at longer follow-up among RIC-HCT recipients. This is particularly significant for patients who are not in remission at the time of transplantation because the GvL effect takes time to develop and the underlying malignancy may outpace the GvL effect [3, 5, 6, [46] [47] [48] [49] . Thus the search for improved conditioning regimen with enhanced antileukemia properties without increased treatment-related toxicity would be of significant benefit. The novel RTC regimen incorporating myeloablative doses of alkylating agents was developed to reduce the RR associated with RIC regimens [18] . The safety and efficacy of RTC regimen in patients with advanced AML + MDS patients was first demonstrated by a single-arm study that included a large number of AML + MDS patients, mostly beyond CR1 that showed impressive survival rates with remarkably low transplant toxicity (1-year NRM, OS, EFS were 3%, 65%, 52%, respectively) [1] . This encouraging survival outcomes associated with RTC regimen was further supported by a prospective nonrandomized study [22] involving 215 AML + MDS patients (50%-60% with active disease) showing that compared to MAC-HCT, RTC-HCT led to superior survival rates and similar RR, suggesting that RTC regimens may be a more attractive option than RIC regimen in patients not eligible for MAC-HCT and not in CR before allografting.
Limitation
Important limitations to the comparison of conditioning regimens are the lack of (1) homogenous criteria to select patients for the two different conditioning regimens, (2) uniformity to the type of conditioning regimens and GvHD prophylaxis, (3) uniformity of the source of donor stem cells [19] . It is not possible to determine the transplant outcomes of a particular RIC regimen as some studies used various combination chemoradiotherapy and most of the included studies did not report outcomes for a particular regimen.
Importantly, most studies that were included in our metaanalysis allocated patients to RIC-HCT versus MAC-HCT based on age, presence of comorbidities, and performance status. Therefore, these studies suffer from significant selection bias. Furthermore, the median age of the patients in the RIC group was 53 years, which means that the results cannot be extrapolated to older patients with acute leukemia and high-risk MDS in whom RIC-HCT might be an attractive option.
Most studies did not report separately the survival outcomes according to patient's age, cytogenetic risk, type of donor, and source of stem cell, thus we were not able to determine the influence of established prognostic factors on transplant outcomes associated with the two conditioning regimens. As there was inadequate survival and relapse data reported for patients with advanced and active disease, the impact of dose intensity in this setting cannot be evaluated.
Only one study was a RCT, whereas the rest were retrospective studies with greater inherent risk of bias. The lack of a control group, the use of historical controls for MAC-HCT group, the limited follow-up period, and the absence of uniform and objective clinical assessment, which are the inherent pitfalls of retrospective studies, should prompt us to interpret the results of the present meta-analysis with caution. Therefore, in our meta-analysis, to reduce the effect of heterogeneity in study design, OR values for all transplant outcomes were also calculated from a separate pooled analysis of data obtained from all the retrospective studies versus data from RCT (shown in Tables 5 and 6 ).
Conclusion
The present meta-analysis showed that RIC regimens resulted in comparable OS rates with MAC regimens in acute leukemia/MDS patients for up to 6 years after transplant even though the RIC-HCT recipients were older and had more active disease than MAC-HCT recipients suggesting that dose intensity of conditioning regimen may not have independent impact on OS. The higher PFS observed beyond 2 years of MACT-HCT was offset by a consistently higher rate of NRM resulting in equivalent OS with RIC-HCT suggesting that RIC-HCT provides a feasible therapeutic option in acute leukemia and high-risk MDS patients with significant risk of treatment-related toxicities.
Among patients that received the same conditioning regimen, survival rates were superior if the patients were transplanted in CR1, suggesting that disease status at the time of transplant remains an important prognostic factor of survival after allografting in acute leukemia and MDS. The meta-analysis showed that a less intensive conditioning regimen would be associated with less aGvHD, and consequently less cGvHD and NRM, but more relapse. New strategies aimed at reducing relapse without increasing transplant-related toxicities, including improvement in conditioning regimen, induction of potent GvL effects, and postgrafting immunomodulation are required.
Large-scale, well-designed, randomized, controlled trials are required to obtain an unbiased estimate of the effect of conditioning dose intensity on survival outcomes before RIC or RTC regimens can be recommended as the standard of care in patients with acute leukemia and high-risk MDS requiring allogeneic HCT, and to identify a transplant regimen that would best suit an individual patient. In the meantime, RIC-HCT is a valid alternative treatment for AML, MDS, and ALL patients ineligible for MAC-HCT and CR status is preferred before allografting.
